Scale-dependent effects of grazing on the species richness of alkaline and sand grasslands by Godó, Laura et al.
229 
 
Tuexenia 37: 229–246. Göttingen 2017. 
doi: 10.14471/2017.37.016, available online at www.tuexenia.de 
Scale-dependent effects of grazing on the species richness 
of alkaline and sand grasslands 
Auswirkungen der Beweidung auf den Artenreichtum  
von Salz- und Sandtrockenrasen 
Laura Godó1, Orsolya Valkó2, Béla Tóthmérész1, 2, Péter Török3, *, 
András Kelemen1, 4 & Balázs Deák1 
1University of Debrecen, Department of Ecology, Egyetem tér 1, 4032 Debrecen, Hungary; 
2MTA-DE Biodiversity and Ecosystem Services Research Group, Egyetem tér 1,  
4032 Debrecen, Hungary; 
3MTA-DE Lendület Functional and Restoration Ecology Research Group, Egyetem tér 1,  
Debrecen, 4032, Hungary; 
4MTA’s Post Doctoral Research Program, MTA TKI, Nádor utca 7, 1051 Budapest, Hungary 
*Corresponding author, e-mail: molinia@gmail.com 
Abstract 
Extensively managed pastures harbour rare and endangered species and have a decisive role in 
maintaining grassland biodiversity. Traditional herding of local robust cattle breeds is considered as 
a feasible tool for preserving these habitats. We studied the scale-dependent effects of grazing on the 
species richness and composition of three dry grassland types in the Great Hungarian Plain: Achilleo 
setaceae-Festucetum pseudovinae and Artemisio santonici-Festucetum pseudovinae alkaline grasslands, 
and Potentillo arenariae-Festucetum pseudovinae sand grassland. We asked the following questions: 
(1) Does extensive grazing have a scale-dependent effect on plant species richness of alkaline and sand 
grasslands? (2) How does grazing affect the proportion of specialists, generalists and weeds in the three 
grassland types? We sampled ten sites of each grassland type, including five extensively grazed and 
five non-grazed sites (altogether we had 30 sites). We used a series of nested plots each consisting of 10 
plots from the size of 0.01 m² to 16 m². We revealed that grazing has contrasting effects in the three 
grassland types, and had a considerable effect on their species richness even at small scales. In both 
alkaline grassland types, total species richness was overall higher in grazed plots but it increased in 
a similar manner for both ungrazed and grazed habitats across plot sizes. Small-scale heterogeneity 
likely due to the uneven distribution of grazing, trampling and defecation together with mitigated rate 
of competition allowed more species to co-exist even at small scales in grazed alkaline grasslands. 
Grazing increased the richness of specialists, but likely due to the salt stress, establishment of weeds 
was hampered. Open gaps formed by trampling likely supported the establishment of several specialist 
species such as Plantago tenuiflora and Puccinellia limosa which are typical to open alkali grasslands. 
Contrary, in sand grasslands, we did not detect any effect of grazing on total species richness, likely due 
to the adverse effect of grazing on the species richness of specialists and weeds. In contrast with the 
former findings we detected significantly higher species richness in 0.01 m² and 0.0625 m² plots in the 
grazed sand grasslands, but found no differences at larger scales. Whilst species richness of specialists 
was significantly decreased, richness of weeds was increased by grazing. Decrease in the specialist 
species richness was likely due to the lack of their evolutionary adaptation to grazing. Degradation 
caused by grazing and trampling together with the propagule pressure from the neighbouring anthropo-
genic habitats resulted in an increased richness of weeds in the grazed sites.  
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Erweiterte deutsche Zusammenfassung am Ende des Artikels 
1. Introduction 
Dry grasslands of Europe harbour several rare and endangered species and are thus an 
important target for nature conservation. Several specialist plant and animal taxa are con-
fined to dry grasslands, and endemic species are also well represented in these habitats 
(DENGLER et al. 2014). Despite their vital importance, dry grasslands have suffered a re-
markable habitat loss during the last centuries, mainly due to their conversion into arable 
land and urbanisation (RÖSCH et al. 2013, LINDBORG et al. 2014, DEÁK et al. 2016a, b). For 
instance, MOLNÁR et al. (2008) reported that less than 7% of the previously existing loess 
and sand grasslands remained for the 21th century in Hungary. As a consequence of habitat 
loss, formerly connected habitats became fragmented and isolated by an unsuitable matrix, 
which resulted in a loss of grassland specialist species and an increase in generalists in the 
long term (TSCHARNTKE et al. 2012, DEÁK et al. 2016a). Besides land transformation pro-
cesses, changes in land use practices also pose a significant threat to the biodiversity of 
remaining grasslands (POSCHLOD & WALLIS DE VRIES 2002, VALKÓ et al. 2012). For preser-
ving species composition and biodiversity of remaining dry grasslands it is essential to re-
introduce the traditional management practices which mimic the natural disturbance factors 
(TÖRÖK et al. 2014, GILHAUS & HÖLZEL 2015, RUPPRECHT et al. 2016, VALKÓ et al. 2016a). 
Wild grazing ungulates had a major effect in the development and maintenance of grass-
lands by selective biomass removal and trampling (POSCHLOD & WALLIS DE VRIES 2002). 
During the last millennia, their role was replaced by domestic animals (PÄRTEL et al. 2005, 
TÖRÖK et al. 2014, GILHAUS et al. 2017). Extensively managed pastures, i.e. pastures man-
aged in a traditional and low-intensity manner, have a decisive role in maintaining biodiver-
sity both in a local and a landscape scale (TÖLGYESI et al. 2015, TÖRÖK et al. 2016a). In case 
of short-grass dry grasslands, such as alkaline and sand grasslands, traditional management 
typically applies grazing by robust cattle breeds and/or sheep (HÁZI et al. 2012, TÓTH et al. 
2016). Even though grazing was typical in these habitats till the end of the 20th century, due 
to the recent socio-economical changes the overall number of grazing animals was drastical-
ly decreased in many regions; grazing was even ceased or replaced by mowing (ISSELSTEIN 
et al. 2005, TÖRÖK et al. 2014). When compared to mowing, grazing was reported to have 
a more positive effect on the biodiversity of semi-natural grasslands, although the effects 
vary across dry and wet grasslands and management intensity (TÄLLE et al. 2016, TÓTH et al. 
2016). 
To sustain the biodiversity of pastures, nature conservation managers are seeking for 
cost-effective and proper management measures, which are feasible both from an economic 
sustainability view and from the view of biodiversity conservation (TÖRÖK et al. 2014). 
Traditional herding of local robust cattle breeds is considered as a feasible tool to achieve 
conservation goals in many habitats of Europe (MANN & TISCHEW 2010, GILHAUS et al. 
2013, TÖRÖK et al. 2014). As a considerable part of grasslands have been traditionally man-
aged by extensive cattle grazing in the past, application of grazing as an active conservation 




projects it is crucial to have comprehensive evidence-based knowledge on the effects of 
grazing on these grasslands regarding the changes in species richness and the scale-
dependence of the management. 
Grazing can influence species richness through the dynamic interaction of several mech-
anisms especially driving survival and colonisation dynamics of plant species (OLFF & 
RITCHIE 1998). Some studies showed that moderate grazing enhances plant species diversity 
by suppressing dominant species with a good competitive ability, thus promotes the co-
existence of a wide set of less competitive species (DE BELLO et al. 2007, METERA et al. 
2010). The paper of OLFF & RITCHIE (1998) suggests that grazing increases plant diversity at 
small spatial scales by enhancing species co-existence. Grazing can enhance species richness 
by increasing structural habitat heterogeneity, by supporting colonisation due to facilitated 
and directed seed dispersal and by providing proper microsites for establishment (POSCHLOD 
& WALLIS DE VRIES 2002, de BELLO et al. 2007, FREUND et al. 2015). Colonisation pro-
cesses can be influenced by the landscape context (species pool at larger spatial scales) via 
the composition of the available seed sources in general, and especially via the availability of 
grassland specialist species and weeds (OLFF & RITCHIE 1998). 
In the Pannonian basin, the extended alkaline and sand grasslands have been typically 
managed by grazing, which maintained their biodiversity. Given their uniqueness ‘Pannonic 
Salt Steppes and Salt Marshes’ and ‘Pannonic Sand Steppes’ of the region are listed as prior-
ity habitats in Annex I of the Habitats Directive (EUROPEAN COMMISSION 2007). The aim of 
our study was to estimate the scale-dependent effects of grazing in three dry grassland types: 
Artemisio santonici-Festucetum pseudovinae Soó in Máthé 1933 corr. Borhidi 1996, Achil-
leo setaceae-Festucetum pseudovinae Soó (1933) 1947 corr. Borhidi 1996 alkaline grass-
lands and Potentillo arenariae-Festucetum pseudovinae Soó (1938) 1940 sand grassland, 
called hereafter Achilleo-Festucetum, Artemisio-Festucetum and Potentillo-Festucetum.  
Alkali vegetation of the Pannonian Ecoregion involves several halophytic and sub-
halophytic phytosociological classes such as Festuco-Puccinellietea, Phragmito-
Magnocaricetea, Festuco-Puccinellietea, Thero-Salicornietea, Crypsietea and Juncetea 
maritimi (ELIÁŠ et al. 2013). They harbour several endemic species such as Cirsium brachy-
cephalum, Plantago schwarzenbergiana, Puccinellia peisonis and Suaeda pannonica. The 
most widespread, relatively dry, short-grass alkaline grassland types such as Achilleo-
Festucetum and Artemisio-Festucetum are typically managed by grazing (BORHIDI et al. 
2012). The dominant grass species of both grasslands are Festuca pseudovina and Poa an-
gustifolia; however, Cynodon dactylon can gain dominance in Achilleo-Festucetum grass-
lands due to overgrazing. 
Artemisio-Festucetum grasslands occur on moderately alkaline solonetz soils character-
ised by a salt accumulation layer and a reduced amount of humus in the topsoil layer. Given 
these abiotic constrains Artemisio-Festucetum grasslands harbour many halophytic species 
(including Artemisia santonicum, Aster tripolium subsp. pannonicum, Limonium gmelinii 
subsp. hungaricum) and are generally species-poor compared to Achilleo-Festucetum grass-
lands (DEÁK et al. 2014a). Achilleo-Festucetum grasslands show some transition to loess 
grasslands regarding their species composition (Dianthus pontederae, Filipendula vulgaris, 
Koeleria cristata, Salvia austriaca, Silene viscosa and several Trifolium species such as 
T. angulatum, T. fragiferum, T. retusum, T. striatum, T. strictum) due to their less alkaline 
and more humus-rich soil (BORHIDI et al. 2012, TÓTH & HÜSE 2014). In alkaline grasslands, 
open micro-sites formed by grazing can enhance either grassland specialists or disturbance-
tolerant species (such as Camphorosma annua, Erophila verna, Matricaria recutita and 
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Myosurus minimus) but also generalists and weeds such as Carduus nutans, Cynodon dacty-
lon, Eryngium campestre, Gypsophila muralis, Hordeum hystrix and Polygonum aviculare 
(TÖRÖK et al. 2016b). 
The most typical and widespread grassland of ‘Pannonic Sand Steppes’ of the study re-
gion is the Potentillo-Festucetum (BORHIDI et al. 2012). These sand grasslands have lost 
huge areas in the past centuries because of improper management, e.g., overgrazing, land 
transformation, ploughing and afforestation (HALADA et al. 2011). This grassland is usually 
formed on higher elevations (top of dunes and slopes), with moderately loose and humus-
rich soils. It is characterized by the dominance of Festuca pseudovina which is a perennial 
tuft-forming grass and Potentilla arenaria which can form dense patches. Other typical 
species are Poa bulbosa, Carex supina and Koeleria glauca. It harbours several rare and 
protected species such as Adonis vernalis, Orchis morio, Pulsatilla grandis and in some 
cases the endemic Pulsatilla pratensis subsp. hungarica. The typical disturbance-tolerant 
species are Melandrium album, M. viscosum, Scleranthus annuus, Minuartia viscosa and 
Trifolium repens. As a response to overgrazing, weeds and prickly plants may become abun-
dant and the vegetation can be shifted towards the Cynodonti-Poëtum angustifoliae Rapaics 
ex Soó 1957 association, characterised by a high cover of Cynodon dactylon, which is 
a grazing and trampling tolerant species of dry grasslands (BORHIDI et al. 2012). 
In our study, we asked the following questions: (1) Does extensive grazing have a scale-
dependent effect on plant species richness of alkaline and sand grasslands? (2) How does 
extensive grazing affect the proportion of specialists, generalists and weeds in the studied 
grassland types? 
2. Material and Methods 
2.1 Study sites and vegetation sampling 
Our study areas are located in the Hungarian Great Plain (Hortobágy: N 47°34’, E 21° 9’ and Nyír-
ség: regions N 47° 55’, E 21° 41’), in East-Hungary. Hortobágy is characterised by a mosaic of vast 
semi-natural habitats such as alkaline and loess grasslands, wetlands, alkaline marshes and a relatively 
low proportion of agricultural lands (DEÁK et al. 2015). Nyírség is a highly transformed landscape 
harbouring small acidic sand grasslands, wet meadows and sand oak forests in the matrix of arable 
lands, urban areas and tree plantations. Both regions have a continental climate. In the Hortobágy, the 
elevation ranges between 88–102 m a.s.l., the average annual precipitation is 550 mm, and the mean 
annual temperature is 9.5 ºC with high inter-annual fluctuations (LUKÁCS et al. 2015). In the Nyírség, 
elevation ranges between 115–150 m a.s.l., the mean annual temperature is 10°C, and the mean annual 
precipitation is 600 mm (TÖRÖK et al. 2009, NOVÁK et al. 2014). 
We examined the effect of grazing by studying vegetation of grazed and non-grazed sites. Grazed 
sites were managed by moderate grazing with robust cattle breeds from mid-April till the end of Sep-
tember; the grazing pressure was moderate (0.5 animal unit/ha). Sites were grazed at least for five years 
before the field survey. The non-grazed sites were located in the close vicinity (less than 500 metres) of 
the grazed sites and were not grazed at least for five years before the study. No other management was 
present on the study sites. We designated in total 30 sample sites; one grazed and one non-grazed site in 
five study locations per each grassland type (Fig. 1). Sampling took place in June 2008. In order to 
study the scale-dependent effect of grazing and assessing the effects of within-site heterogeneity we 
used a nested plot design at the sample sites, which means that from one corner of the 16-m²-sized plot, 
nested series of 10 square- or rectangle-shaped subplots of the sizes 0.01 m², 0.0625 m², 0.125 m², 
0.25 m², 0.5 m², 1 m², 2 m², 4 m², and 8 m² were placed and sampled (Supplement E1). Starting from 
the smallest plot size, we recorded the presence of all vascular plant species in each plot. Nomenclature 
followed KIRÁLY et al. (2009). 
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Fig. 1. Map of the study sites. A – Hortobágy region; B – Nyírség region. Notifications: red symbols – 
Artemisio-Festucetum; green symbols – Achilleo-Festucetum; blue symbols – Potentillo-Festucetum; 
circle – grazed; square – non-grazed (Source of the map: Google Earth Open Layers Plugin). 
Abb. 1. Karte der Untersuchungsfläche. A – Region Hortobágy; B – Region Nyírség. Erläuterungen: 
rote Symbole – Artemisio-Festucetum; grüne Symbole – Achilleo-Festucetum; blaue Symbole –  
Potentillo-Festucetum; Kreis – beweidet; Quadrat – nicht beweidet (Quelle der Karte: Google Earth 
Open Layers Plugin). 
2.2 Data analysis 
Herbaceous species of the Festuco-Brometea, Koelerio-Corynephoretea and Puccinellio-
Salicornietea phytosociological classes were considered as specialist species (HORVÁTH et al. 1995). 
Generalist and weed species were classified using the Social Behaviour Type categories of BORHIDI 
(1995) which is based on the model of GRIME (1979) and was adapted for the Hungarian conditions: 
generalists (G) were considered as ‘generalists’, while adventives competitors (AC), ruderal competi-
tors (RC) and weeds (W) were considered as ‘weeds’. We analysed the effect of management and plot 
size and their interaction (predictors) on the dependent variables (total species richness, the richness of 
specialists, generalists and weed species, respectively). Dependent variables were log-transformed to 
approximate them to normal distribution. To reveal the effects of predictors on dependent variables, 
two models, a linear regression and a quadratic regression model were built in R (R CORE TEAM 2016). 
Then, we compared these two models using ANOVA and we retained the quadratic model if the unex-
plained variation of dependent variable (residual sum of squares, RSS) in this model was significantly 
lower than in the linear model. To test the differences in total species richness and richness of specialist, 
generalist and weed species of different plot sizes under different management regimes we used Wil-
coxon signed-rank test (ZAR 1999), calculated using SPSS 20 program. To calculate the number of 
species shared between the plots of same size but with different management (similarity in species 
richness) we used the Jaccard similarity index. We calculated the means of the Jaccard similarity indi-
ces between grazed and ungrazed plots for each plot size category. To show the compositional (pres-
ence/absence) differences in the vegetation we calculated DCA (detrended correspondence analysis) 
ordination using the CANOCO 4.5 program (LEPŠ & ŠMILAUER 2003). For the ordination we used the 





In total, we found 24 species in Artemisio-Festucetum, 41 in Achilleo-Festucetum and 60 
in Potentillo-Festucetum grasslands, respectively. There were 22, 39 and 36 species in the 
grazed and 9, 23 and 44 in the non-grazed Artemisio-Festucetum, Achilleo-Festucetum and 
Potentillo-Festucetum grasslands, respectively (Supplements E2–4). We found that in case 
of plot sizes quadratic models explained significantly higher proportion of the variance than 
linear models (except in case of generalist species of Artemisio-Festucetum), thus we decid-
ed to focus on the results derived from the quadratic models. Using quadratic models we 
found that in Artemisio-Festucetum grasslands both grazing and increasing plot sizes in-
creased total species richness, species richness of specialists and weeds (Figs. 2–3). Species 
richness of generalists was similar in grazed and non-grazed plots regardless to the plot size 
(Fig. 3, Table 1). Jaccard similarity of the vegetation of grazed and non-grazed plots was not 
affected by plot size (Fig. 4). In Achilleo-Festucetum grasslands grazing and increasing plot 
size increased total species richness and species richness of specialists, generalists and weeds 
(Figs. 2–3, Supplement E3). Jaccard similarity of the vegetation of grazed plots to non-
grazed plots increased with increasing plot size (Fig. 4). In Potentillo-Festucetum grasslands, 
grazing increased the richness of generalists and weeds, whilst it decreased the richness of 
specialists. Total species richness was not affected by management (Fig. 2, Table 1). Species 
richness of all groups increased with increasing plot size. Jaccard similarity of the vegetation 
of grazed plots to non-grazed plots increased with increasing plot size (Fig. 4). We found 
significant interactions between grazing and plot size in case of the species richness of 
weeds in all habitat types (Table 1). 
The vegetation composition of the three studied grassland types was well separated by 
the DCA ordination. The three studied grassland types were sorted according to their edaph-
ic attributes along the 1st axis. Artemisio-Festucetum grasslands (characterised by alkaline 
soil) and Potentillo-Festucetum grasslands (characterised by sandy soils) were located at the 
two extremes of the gradient. Plots of Achilleo-Festucetum grasslands (characterised by 
a moderately salty and humus-rich soil) were situated in an intermediate position (Fig. 5). 
Vegetation of grazed and non-grazed plots was also well separated in each studied grassland. 
Vegetation of grazed Artemisio-Festucetum grasslands harboured Atriplex littoralis, Planta-
go schwarzenbergiana, P. tenuiflora, Puccinellia limosa and Trifolium spp. with a high 
frequency (for detailed information please refer to Supplement E2). Non-grazed Artemisio-
Festucetum grasslands harboured Artemisia santonicum, Aster tripolium, Elymus repens and 
Limonium gmelinii subsp. hungaricum. Vegetation of grazed and non-grazed Achilleo-
Festucetum was more similar to each other than that of the other grasslands. A high frequen-
cy of Ornithogalum kochii, Plantago lanceolata, and Trifolium spp. was typical in the 
grazed plots, whilst Achillea collina and Podospermum canum were represented in non-
grazed plots. In the grazed plots of the Potentillo-Festucetum Apera spica-venti, Carex ste-
nophylla, Conyza canadensis, Cynodon dactylon, Eryngium campestre and Scleranthus 
annuus had a high frequency. Non-grazed plots were characterised by Agrostis stolonifera, 





Fig. 2. Effect of grazing and plot size on the total species richness and richness of specialists in the 
three studied grassland types. Notifications: circle – grazed, square – non-grazed. Significant differ-
ences between the grazed and non-grazed plots of the same size are marked with full symbols  
(Wilcoxon signed-rank test; p < 0.05). The error bars represent the standard error. 
Abb. 2. Effekt von Beweidung und Flächengröße auf die absolute Artenzahl und die Zahl der Spezialis-
ten in den drei untersuchten Graslandtypen. Erläuterung: Kreis – beweidet, Quadrat – nicht beweidet. 
Signifikante Unterschiede zwischen den beweideten und nicht beweideten Probeflächen der gleichen 
Größe sind mit ausgefüllten Symbolen markiert (Wilcoxon Vorzeichen-Rank-Test; p < 0,05). Die 





Fig. 3. Effect of grazing and plot size on the species richness of generalists and weeds in the three 
studied grassland types. Notifications: circle – grazed, square – non-grazed. Significant differences 
between the grazed and non-grazed plots of the same size are marked with full symbols (Wilcoxon 
signed-rank test; p < 0.05). The error bars represent the standard error. 
Abb. 3. Effekt von Beweidung und Flächengröße auf die die Zahl der Spezialisten und Unkräuter in 
den drei untersuchten Graslandtypen. Erläuterung: Kreis – beweidet, Quadrat – nicht beweidet. Signifi-
kante Unterschiede zwischen den beweideten und nicht beweideten Probeflächen der gleichen Größe 
sind mit ausgefüllten Symbolen markiert (Wilcoxon Vorzeichen-Rank-Test; p < 0,05). Die Fehlerbalk-













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Fig. 4. Jaccard similarity between grazed and non-grazed plots of the same size in the three studied 
grassland types: a) Artemiso-Festucetum; b) Achilleo-Festucetum; c) Potentillo-Festucetum. The error 
bars represent the standard error. 
Abb. 4. Jaccard-Ähnlichkeit zwischen beweideten und nicht beweideten Probeflächen der gleichen 
Größe in den drei untersuchten Graslandtypen: a) Artemiso-Festucetum; b) Achilleo-Festucetum;  
c) Potentillo-Festucetum. Die Fehlerbalken zeigen den Standardfehler an. 
4. Discussion 
We revealed that both grazing and spatial scale have considerable effects on the species 
richness and composition of alkaline and sand grasslands. Effects of grazing were similar in 
the two alkaline communities (Achilleo-Festucetum and Artemisio-Festucetum), while we 
found different effects of grazing in the Potentillo-Festucetum sand grasslands. The most 
probable reasons for the differences were the habitat characteristics (e.g., soil salt content, 
moisture) and landscape context. 
4.1 Alkaline grasslands 
OLFF & RITCHIE (1998) hypothesised that at small spatial scales species richness is high-
er in grazed areas compared to non-grazed ones. They also assumed that this might not be 
valid in salt-affected communities, as high level of stress can mask the effects of grazing, 
and thus in salt-affected habitats grazing does not change total species richness, or can even 






Fig. 5. The effects of grazing on the species composition in the three studied grassland types displayed 
by a DCA calculated on presence-absence datasets. Species with a frequency of 4 and 5 are plotted (for 
species names and frequency scores please refer to Supplements E2-4). Eigenvalues were 0.734 and 
0.322 for the first and second axis respectively. Cumulative percentage variance of species data for the 
first and the second axis were 22.4% and 32.3% respectively. Notifications: circle – grazed; square – 
non-grazed; red symbols – Artemisio-Festucetum; green symbols – Achilleo-Festucetum; blue symbols 
– Potentillo-Festucetum. 
Abb. 5. Die Effekte der Beweidung auf die Artenzusammensetzung in den drei untersuchten Grasland-
typen, dargestellt als DCA auf der Grundlage von Präsenz-Absenz-Datensätzen. Arten mit einer Fre-
quenz von 4 und 5 sind aufgetragen (Artnamen und Frequenzwerte s. Anhänge E2-4). Die Eigenwerte 
betrugen 0,734 bzw. 0,322 für die erste bzw. zweite Achse. Die kumulative prozentuale Varianz der 
Artdaten für die erste und zweite Achse betrug 22,4 % und 32,3 %. Erläuterungen: Kreis – beweidet; 
Quadrat – nicht beweidet; rote Symbole – Artemisio-Festucetum; grüne Symbole – Achilleo-
Festucetum; blaue Symbole – Potentillo-Festucetum. 
total species richness (23 species in Artemisio-Festucetum, 41 species in Achilleo-
Festucetum) we detected a significant increase in total species richness in the grazed grass-
lands above the 0.0625 m² plot size in case of both alkaline grasslands. Differences between 
the species richness of grazed and non-grazed plots at the studied small spatial scales were 
likely to be influenced by altered competition and microsite availability. Small-scale hetero-
geneity of grazed sites through increased availability of the various microsites formed by the 
uneven distribution of grazing, trampling and defecation allowed more species to co-exist at 
small scales (0.0625 m²) (see also METERA et al. 2010, DENGLER et al. 2014). Furthermore 
enhanced zoochorous dispersal of propagules might also contribute to the increased species 
richness in grazed sites, as animals could transport the propagules of the species into the 




The differences in the composition of specialist species refers to the differences in the 
soil properties, as specialist species of Artemisio-Festucetum sites involved several salt-
tolerant species of alkaline grasslands, while Achilleo-Festucetum grasslands harboured both 
specialist species of alkaline and non-alkaline loess grasslands (DEÁK et al. 2014a, b). As it 
was found by VALKÓ et al. (2016a) increase in open gaps can facilitate salt accumulation in 
alkaline grasslands, as open soil surfaces enhance the transportation of salts to the upper soil 
layers via enhanced evaporation. Besides lowering competition, increased salt content of the 
soil can support several specialist species typical to alkaline grasslands. The effect of this 
process was more obvious in Artemisio-Festucetum grasslands, which harbour mostly halo-
phyte or at least salt-tolerant species (such as Aster tripolium, Atriplex littoralis, Cam-
phorosma annua, Limonium gmelinii subsp. hungaricum, Matricaria recutita and Plantago 
schwarzenbergiana; Supplement E2). In the open gaps formed by trampling, several short-
growing grassland specialist species typical to open alkaline grasslands could establish such 
as Plantago tenuiflora and Puccinellia limosa. While open gaps were proper sites for spe-
cialists, due to the salt stress, the establishment of weedy species was hampered there 
(VALKÓ et al. 2016b). 
We found that the richness of generalists and weeds in Artemisio-Festucetum and Achil-
leo-Festucetum alkaline grasslands were lower compared to the Potentillo-Festucetum sand 
grasslands. This can be explained by the semi-natural landscape context of the surveyed 
grasslands, and the fact that these grasslands are formed on alkaline soils. Alkaline grass-
lands harbour a reduced number of generalist and weed species, due to the filtering effect of 
stress caused by the salt accumulation in the upper soil layers (DEÁK et al. 2014a). This 
especially stands for the Artemisio-Festucetum grasslands, where both the generalists (Alo-
pecurus pratensis and Festuca pseudovina) and ruderals (Bromus hordeaceus, Lepidium 
ruderale and Polygonum aviculare) were represented by low species richness regardless to 
the management, however species richness of weeds was moderately higher in grazed sites. 
The humus-rich upper soil layer and moderate salt accumulation in the deeper soil layers in 
Achilleo-Festucetum allowed the presence of higher number of generalist species compared 
to Artemisio-Festucetum. Accordingly we detected an increase in the species richness of 
generalists (such as Achillea collina, Inula britannica, Lotus corniculatus, Plantago lanceo-
lata and Trifolium campestre) in the grazed sites even at small scales. We detected a low 
number of weeds in the grazed sites (represented by Bromus hordeaceus, B. sterilis, 
Capsella bursa-pastoris, Crepis tectorum, Polygonum aviculare and Scleranthus annuus). 
Even though moderate grazing induced weed encroachment, richness of weeds was extreme-
ly low at all spatial scales. 
Whilst Jaccard similarity between grazed and non-grazed plots increased with plot size 
in the Achilleo-Festucetum, it was the same for both grazed and non-grazed plots at all spa-
tial scales in case of Artemisio-Festucetum. In case of Achilleo-Festucetum grasslands higher 
dissimilarity in the vegetation at small scales can be explained by the potential of grazing for 
increasing habitat heterogeneity at small scales (OLFF & RITCHIE 1998, TÓTH et al. 2016). 
Mosaic of gaps and patches with different amount of biomass caused by grazing and random 
dung deposition highly influences species sorts at the small spatial scales in the grazed sites. 
With increasing plot size, this small-scale variability becomes balanced and the similarity in 
vegetation richness of grazed and non-grazed plots increases. The likely reason for the con-
stant scores in the Artemisio-Festucetum is the small total species pool, which is due to the 




weed species present in the landscape. On the other hand it decreases the level of competi-
tion independently from grazing, thus allowing coexistence of species even in a small spatial 
scale. 
4.2 Sand grasslands 
In contrast to alkaline grasslands, we did not detect any effect of grazing on total species 
richness in Potentillo-Festucetum sand grasslands. This was due to the adverse effect of 
grazing on the species richness of specialists and weeds. While species richness of special-
ists was significantly decreased by grazing, richness of generalists and weeds significantly 
increased. It suggests that contrary to alkaline grasslands, sand grasslands cannot cope with 
the same intensity grazing. This might be due to the lack of evolutionary adaptation to graz-
ing and the nutrient-poor and arid environment (see also DE BELLO et al. 2007). Studies on 
the effects of grazing in dry grasslands suggest that under dry conditions grazing can de-
crease species richness at small scales and can be a significant driver of land degradation (DE 
BELLO et al. 2007, TÓTH et al. 2016). In contrast with these findings we found no differences 
in the species richness at larger scales, but we detected significantly higher species richness 
in the 0.01 m² and 0.0625 m² plots. In case of weeds grazing had a scale dependent effect, 
which is shown by the significant interaction of plot size and grazing, with decreasing differ-
ences by increasing plot size. Trampling and grazing can lead to a decrease in the water 
availability in the upper soil layers of dry habitats, and thus can increase the proportion of 
bare soil (PECO et al. 2006, TÖRÖK et al. 2016). In our case, unfavourable environmental 
conditions likely formed by grazing might have result in a significant decrease in the rich-
ness of specialists in the grazed sand grasslands compared to ungrazed ones. Sand grassland 
specialists (Carex stenophylla, C. supina, Equisetum ramosissimum, Potentilla arenaria and 
Thymus glabrescens subsp. degenianus) were more typical for the non-grazed sites than for 
the grazed sites. 
Degradation caused by grazing and trampling together with the propagule pressure from 
the neighbouring unsuitable matrix characterised by arable lands, fallows, urban areas and 
tree plantations resulted in an increased richness of weeds in the grazed sites. In the grazed 
plots, we observed both weed species typical to the neighbouring arable lands and fallows 
(Apera spica-venti, Crepis spp., Conyza canadensis and Setaria viridis) and weeds directly 
favoured by grazing (Bromus hordeaceus, B. tectorum, Cynodon dactylon, Rumex acetosa 
and Verbascum phlomoides). A high proportion of weeds, especially those present at the 
grazed sites, are able to disperse by zoochory (such as Apera spica-venti, Conyza canaden-
sis, Erodium cicutarium, Eryngium campestre, Poa bulbosa and Scleranthus annuus). How-
ever, it should be noted that zoochorous weed species were also present in the non-grazed 
plots, although with a lower proportion. This can be explained by the fact that although these 
species predominantly disperse by animals, they can spread by other ways as well, such as 
anemochory e.g., in case of Conyza canadensis. 
4.3 Conservation remarks 
Based on our findings traditional herding of local robust cattle breeds with a moderate 
grazing pressure can be considered as a feasible tool for preserving and enhancing biodiver-
sity of alkaline habitats. In sand grasslands, we recommend to apply a lower grazing pres-




Erweiterte deutsche Zusammenfassung 
Einleitung – Extensiv bewirtschaftete Trockenrasen beherbergen seltene und gefährdete Arten und 
spielen eine entscheidende Rolle für die Bewahrung der Artenvielfalt im Offenland (DENGLER et al. 
2014). Trotz dieser enormen naturschutzfachlichen Bedeutung hat sich ihre Fläche im Lauf des vergan-
genen Jahrhunderts dramatisch verringert, hauptsächlich durch Umwandlung in Ackerland und Auswei-
tung von Siedlungen (DEÁK et al. 2016a, b). Die floristische Zusammensetzung und Diversität der 
verbliebenen Trockenrasen wird nur durch Wiedereinführung der traditionelle Bewirtschaftung zu 
erhalten sein, welche die ursprünglichen natürlichen Störungsfaktoren ersetzen. Beweidung durch 
lokale, robuste Rinderrassen gilt hierzu als praktikables Instrument (TÖRÖK et al. 2014). 
Im Rahmen der vorliegenden Studie wurde die Wirkung von Beweidung in drei verschiedenen Ty-
pen von pannonischen Trockenrasen und auf unterschiedlichen Flächenskalen untersucht. Unsere Fra-
gestellung lautete: (1) Hat extensive Beweidung einen Einfluss auf die Gefäßpflanzenvielfalt von Salz- 
und Sandtrockenrasen, und wenn ja, ist dieser Einfluss je nach betrachteter Flächengröße unterschied-
lich? (2) Wie wirkt sich Beweidung auf den Anteil der Spezialisten, Generalisten und gesellschafts-
fremden Arten („Unkräuter“) in den drei Rasentypen aus? 
Methoden – Unsere Untersuchungsgebiete liegen in der Großen Ungarischen Tiefebene im östli-
chen Ungarn. Wir untersuchten die folgenden drei Gesellschaften: Artemisio santonici-Festucetum 
pseudovinae, Achilleo setaceae-Festucetum pseudovinae (beides Salztrockenrasen) und Potentillo 
arenariae-Festucetum pseudovinae (Sandtrockenrasen). Es wurden sowohl beweidete als auch nicht-
beweidete Flächen untersucht. Die beweideten Flächen wurden seit mindestens fünf Jahren jeweils von 
Mitte April bis Ende September mit robusten Rindern bestoßen. Insgesamt wurden im Juni 2008 30 
Flächen aufgenommen, und zwar jeweils eine beweidete und eine unbeweidete, an fünf Lokalitäten pro 
Gesellschaft (Abb. 1). Um die Wirkung der Beweidung auf verschiedenen räumlichen Skalenebenen zu 
untersuchen, verwendeten wir ein „nested plot design“: In einer Ecke der 16 m² großen quadratischen 
Aufnahmeflächen wurden zusätzlich jeweils 10 quadratische bzw. rechteckige Teilflächen von 0.01 m², 
0.0625 m², 0.125 m², 0.25 m², 0.5 m², 1 m², 2 m², 4 m² und 8 m² Größe erhoben (Anhang E1). Begin-
nend mit der kleinsten Teilfläche wurden alle Gefäßpflanzen notiert. Um den Effekt von Beweidung 
und Flächengröße sowie deren Interaktion zu analysieren, erstellten wir lineare und quadratische Re-
gressionsmodelle und verglichen diese mit ANOVA. Unterschiede zwischen beweideten und nicht-be-
weideten Flächen wurden mit Wilcoxon signed-rank test, Jaccard similarity index und DCA untersucht. 
Ergebnisse – Wir fanden insgesamt 24 Arten im Artemisio-Festucetum, 41 im Achilleo-Festucetum 
und 60 im Potentillo-Festucetum. In den beweideten Flächen betrug die Gesamtartenzahl 22, 39 und 36 
und in den nicht-beweideten Flächen 9, 23 und 44 (Anhänge E2-4). Im Artemisio-Festucetum nahm 
sowohl die Gesamtartenzahl als auch die Zahl der Spezialisten und Unkräuter mit der Beweidung zu, 
nicht aber die Zahl der Generalisten. Im Achilleo-Festucetum nahm die Artenzahl in allen Kategorien 
zu. Im Potentillo-Festucetum führte die Beweidung zwar zu einer Zunahme der Generalisten und Un-
kräuter, die Zahl der Spezialisten nahm jedoch ab, während die Gesamtartenzahl gleich blieb (Abb.  
2–3, Tab. 1). Die floristische Ähnlichkeit zwischen beweideten und nicht-beweideten Flächen nahm im 
Achilleo-Festucetum und Potentillo-Festucetum mit der Flächengröße zu, im Artemisio-Festucetum 
änderte sie sich mit der Flächengröße nicht (Abb. 4). In der Ordination wurden sowohl die drei Gesell-
schaften als auch die beweideten und nicht-beweideten Flächen deutlich voneinander getrennt. Die 
1. Achse entspricht dabei dem Bodengradienten mit von links nach rechts abnehmendem Salzeinfluss. 
(Abb. 5). 
Diskussion – Wir konnten zeigen, dass Beweidung einen deutlichen Einfluss auf die Artenzahl und 
floristische Zusammensetzung der drei untersuchten Rasentypen hat. In den Salztrockenrasen (Achilleo-
Festucetum and Artemisio-Festucetum) wurde die Diversität durch Beweidung gefördert. Wir fanden – 
in teilweisem Widerspruch zu der Hypothese von OLFF & RITCHIE (1998) – eine signifikante Zunahme 
der Artenzahl oberhalb von 0.0625 m², was mit veränderten Konkurrenzbedingungen und einem höhe-
ren Angebot an Mikrostandorten erklärt werden kann (METERA et al. 2010, DENGLER et al. 2014). 
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Auffallend ist, dass sich speziell im Artemisio-Festucetum kaum ruderale Arten etablieren konnten. 
Dies hängt wohl mit der hohen Salzkonzentration im Boden zusammen (DEÁK et al. 2014a, VALKÓ et 
al. 2016a, b). Im Gegensatz dazu fanden wir in den Sandtrockenrasen (Potentillo-Festucetum) keine 
Zunahme der Artenzahl. Die Zahl der Spezialisten nahm durch Beweidung sogar ab, während die 
Unkräuter zunahmen. Der Grund hierfür ist wohl in der fehlenden Anpassung der Arten an Beweidung 
und den sehr trockenen Standortsbedingungen (DE BELLO et al. 2007), aber auch im Landschaftskontext 
zu suchen. Die trittbedingte Degradation der Standorte in Kombination mit Diasporendruck aus den 
umliegenden Ackerflächen und Brachen führt zu einer Ruderalisierung der Bestände. 
Schlussfolgerungen für den Naturschutz – Traditionelle, mäßig intensive Beweidung durch loka-
le, robuste Rinderrassen kann als brauchbares Instrument zur Erhaltung und Förderung der Biodiversität 
in Salztrockenrasen angesehen werden. In Sandtrockenrasen sollte die Beweidung dagegen nur in sehr 
geringer Intensität und nur für kurze Zeit stattfinden, um eine Degradation der Standorte zu verhindern. 
Acknowledgements 
Authors were supported by OTKA PD 115627, OTKA PD 111807, OTKA K 116639 and NKFIH K 
119225 research grants. BD and OV were supported by the Bolyai János Research Fellowship of the 
Hungarian Academy of Sciences during manuscript writing. AK was funded by the MTA’s Post Doc-
toral Research Program. LG and OV were supported by the Human Capacities Grant Management 
Office and the Hungarian Ministry of Human Capacities (NTP-NFTÖ-16-0068; NTP-NFTÖ-16-0107). 
Supplements 
Additional supporting information may be found in the online version of this article. 
Zusätzliche unterstützende Information ist in der Online-Version dieses Artikels zu finden. 
Supplement E1. Sample design showing the nested series of subplots. 
Anhang E1. Stichprobenplan, der die genestete Serie von Teilfächen zeigt. 
Supplement E2. Species list, species groups and frequency of species in grazed and non-grazed Arte-
misio-Festucetum grasslands. 
Anhang E2. Artenliste, Artengruppen und Frequenz der Arten in beweideten und nicht beweideten 
Artemisio-Festucetum-Grasländern. 
Supplement E3. Species list, species groups and frequency of species in grazed and non-grazed Achil-
leo-Festucetum grasslands. 
Anhang E3. Artenliste, Artengruppen und Frequenz der Arten in beweideten und nicht beweideten 
Achilleo-Festucetum-Grasländern. 
Supplement E4. Species list, species groups and frequency of species in grazed and non-grazed Poten-
tillo-Festucetum grasslands. 
Anhang E4. Artenliste, Artengruppen und Frequenz der Arten in beweideten und nicht beweideten 
Potentillo-Festucetum-Grasländern. 
References 
BORHIDI, A. (1995): Social behaviour types, the naturalness and relative ecological indicator values of 
the higher plants in the Hungarian Flora. – Acta Bot. Hung. 39: 97–181. 
BORHIDI, A., KEVEY, B. & LENDVAI, G. (2012): Plant communities of Hungary. – Akadémiai Kiadó, 
Budapest: 544 pp. 
244 
 
DE BELLO, F., LEPŠ, J. & SEBASTIÀ, M.-T. (2007): Grazing effects on the species-area relationship: 
Variation along a climatic gradient in NE Spain. – J. Veg. Sci. 18: 25–34. 
DEÁK, B., TÓTHMÉRÉSZ, B., VALKÓ, O., SUDNIK-WÓJCIKOWSKA, B., MOYSIYENKO, I.I., BRAGINA, 
T.M., APOSTOLOVA, I., DEMBICZ, I., BYKOV, N.I. & TÖRÖK, P. (2016b): Cultural monuments and 
nature conservation: a review of the role of kurgans in the conservation and restoration of steppe 
vegetation. – Biodivers. Conserv. 25: 2473–2490. 
DEÁK, B., VALKÓ, O., ALEXANDER, C., MÜCKE, W., KANIA, A., TAMÁS, J. & HEILMEIER, H. (2014a): 
Fine-scale vertical position as an indicator of vegetation in alkali grasslands – Case study based on 
remotely sensed data. – Flora 209: 693–697.  
DEÁK, B., VALKÓ, O., TÖRÖK, P., KELEMEN, A., MIGLÉCZ, T., SZABÓ, S., SZABÓ, G. & TÓTHMÉRÉSZ, 
B. (2015): Micro-topographic heterogeneity increases plant diversity in old stages of restored grass-
lands. – Basic Appl. Ecol. 16: 291–299. 
DEÁK, B., VALKÓ, O., TÖRÖK, P. & TÓTHMÉRÉSZ, B. (2014b): Solonetz meadow vegetation (Beck-
mannion eruciformis) in East-Hungary – An alliance driven by moisture and salinity. – Tuexenia 34: 
187–203. 
DEÁK, B., VALKÓ, O., TÖRÖK, P. & TÓTHMÉRÉSZ, B. (2016a): Factors threatening grassland specialist 
plants – A multi-proxy study on the vegetation of isolated grasslands. – Biol. Conserv. 204: 
255–262.  
DENGLER, J., JANIŠOVÁ, M., TÖRÖK, P. & WELLSTEIN, C. (2014): Biodiversity of Palaearctic grass-
lands: A synthesis. – Agric. Ecosyst. Environ. 182: 1–14.  
ELIÁŠ, P., SOPOTLIEVA, D., DÍTĚ, D., HÁJKOVÁ, P., APOSTOLOVA, I., SENKO, D., MELEČKOVÁ, Z. & 
HÁJEK, M. (2013): Vegetation diversity of salt-rich grasslands in Southeast Europe. – Appl. Veg. 
Sci. 16: 521–537.  
EUROPEAN COMMISSION (2007): Interpretation Manual of European Union Habitats. – European 
Commission, DG Environment, Brussels. 
FREUND, L., CARRILLO, J., STORM, C. & SCHWABE, A. (2015): Restoration of a newly created inland-
dune complex as a model in practice: Impact of substrate, minimized inoculation and grazing. – 
Tuexenia 35: 221–248. 
GILHAUS, K. & HÖLZEL, N. (2015): Seasonal variations of fodder quality and availability as constraints 
for stocking rates in year-round grazing schemes. – Agric. Ecosyst. Environ. 234: 5–15. 
GILHAUS, K., BOCH, S., FISCHER, M., HÖLZEL, N., KLEINEBECKER, T., PRATI, D., RUPPRECHT, D., 
SCHMITT, B. & KLAUS, V.H. (2017): Grassland management in Germany: effects on plant diversity 
and vegetation composition. – Tuexenia 37: 379–397. 
GILHAUS, K., STELZNER, F. & HÖLZEL, N. (2013): Cattle foraging habits shape vegetation patterns of 
alluvial year-round grazing systems. – Plant Ecol. 215: 169–179. 
GRIME, J.P. (1979): Plant Strategies and Vegetational Processes. – Wiley and Sons, NewYork: 222 pp. 
HALADA, L., EVANS, D., ROMÃO, C. & PETERSEN, J.E. (2011): Which habitats of European importance 
depend on agricultural practices? – Biodivers. Conserv. 20: 2365–2378. 
HÁZI, J., PENKSZA, K., BARTHA, S., HUFNAGEL, L., TÓTH, A., GYURICZA, C. & SZENTES, S. (2012): 
Cut mowing and grazing effects with grey cattle on plant species composition in case of pannon wet 
grasslands. – Appl. Ecol. Environ. Res. 10: 223–231. 
HORVÁTH, F., DOBOLYI, K., MORSCHHAUSER, T., LŐKÖS, L., KARAS, L. & SZERDAHELYI, T. (1995): 
Flóra adatbázis 1.2. Taxon-lista és attributum állomány (Flora database 1.2, List of taxa and attrib-
utes) [in Hungarian]. – MTA ÖBKI, Vácrátót: 267 pp. 
ISSELSTEIN, J., JEANGROS, B. & PAVLU, V. (2005): Agronomic aspects of biodiversity targeted man-
agement of temperate grasslands in Europe – A review. – Agron. Res. 3: 139–151. 
KIRÁLY, G., VIRÓK, V. & MOLNÁR, V.A. (Eds.) (2009): Új Magyar Fűvészkönyv. Magyarország 
hajtásos növényei. Határozókulcsok. (New Hungarian Herbal. The Vascular Plants of Hungary. 
Identification key) [in Hungarian]. – Aggteleki Nemzeti Park Igazgatóság, Jósvafő: 1291 pp. 
LEPŠ, J. & ŠMILAUER, P. (2003): Multivariate Analysis of Ecological Data using CANOCO. – Cam-
bridge University Press, Cambridge: 269 pp.  
LINDBORG, R., PLUE, J., ANDERSSON, K. & COUSINS, S.A.O. (2014): Function of small habitat ele-




LUKÁCS, B.A., TÖRÖK, P., KELEMEN, A., VÁRBÍRÓ, G., RADÓCZ, S., MIGLÉCZ, T., TÓTHMÉRÉSZ, B. & 
VALKÓ, O. (2015): Rainfall fluctuations and vegetation patterns in alkali grasslands - using self-
organizing maps to visualise vegetation dynamics. – Tuexenia 35: 381–397. 
MANN, S. & TISCHEW, S. (2010): Role of megaherbivores in restoration of species-rich grasslands on 
former arable land in floodplains. – Waldökol. Online 10: 7–15. 
METERA, E., SAKOWSKI, T., SŁONIEWSKI, K. & ROMANOWICZ, B. (2010): Grazing as a tool to maintain 
biodiversity of grassland – A review. – Anim. Sci. Pap. Rep. 28: 315–334. 
MOLNÁR, Z., BIRÓ, M., BÖLÖNI, J. & HORVÁTH, F. (2008): Distribution of the (semi-natural habitats in 
Hungary II. Woodlands and shrublands. – Acta Bot. Hung. 50: 107–148. 
NOVÁK, T., NÉGYESI, G., ANDRÁSI, B. & BURÓ, B. (2014): Alluvial plain with wind-blown sand dunes 
in South Nyírség, Eastern Hungary. – In: ŚWITONIAK, M. & CHARZYNSKI, P. (Eds.): Soil sequences 
atlas: 181–197. Nicholaus Copernicus University Press, Torun. 
OLFF, H. & RITCHIE, M.E. (1998): Importance of herbivore type and scale. – Trends Ecol. Evol. 13: 
261–265. 
PÄRTEL, M., BRUUN, H.H. & SAMMUL, M. (2005): Biodiversity in temperate European grasslands: 
origin and conservation. – In: Integrating Efficient Grassland Farming and Biodiversity: Proceed-
ings of the 13th International Occasional Symposium of the European Grassland Federation 10: 
1–14. 
PECO, B., SÁNCHEZ, A.M. & AZCÁRATE, F.M. (2006): Abandonment in grazing systems: Consequences 
for vegetation and soil. – Agric. Ecosyst. Environ. 113: 284–294.  
POSCHLOD, P. & WALLIS DE VRIES, M.F. (2002): The historical and socioeconomic perspective of 
calcareous grasslands – Lessons from the distant and recent past. – Biol. Conserv. 104: 361–376. 
R CORE TEAM (2016): R: A language and environment for statistical computing. R Foundation for 
Statistical Computing, Vienna, Austria. URL https://www.R-project.org/  
RÖSCH, V., TSCHARNTKE, T., SCHERBER, C. & BATÁRY, P. (2013): Landscape composition, Connectiv-
ity and fragment size drive effects of grassland fragmentation on insect communities. – J. Appl. 
Ecol. 50: 387–394.  
RUPPRECHT, D., GILHAUS, K. & HÖLZEL, N. (2016): Effects of year-round grazing on the vegetation of 
nutrient-poor grass- and heathlands – Evidence from a large-scale survey. – Agric. Ecosyst. Environ. 
234: 16–22.  
TÄLLE, M., DEÁK, B., POSCHLOD, P., VALKÓ, O., VESTERBERG, L. & MILBERG, P. (2016): Grazing vs. 
mowing: A meta-analysis of biodiversity benefits for grassland management. – Agric. Ecosyst. En-
viron. 222: 200–212.  
TÖLGYESI, C., BÁTORI, Z., ERDŐS, L., GALLÉ, R. & KÖRMÖCZI, L. (2015): Plant diversity patterns of 
a Hungarian steppe-wetland mosaic in relation to grazing regime and land use history. – Tuexenia 
35: 399–416. 
TÖRÖK, P., HÖLZEL, N., VAN DIGGELEN, R. & TISCHEW, S. (2016a): Grazing in European open land-
scapes: How to reconcile sustainable land management and biodiversity conservation? – Agric. Eco-
syst. Environ. 234: 1–4. 
TÖRÖK, P., MATUS, G., PAPP, M. & TÓTHMÉRÉSZ, B. (2009): Seed bank and vegetation development of 
sandy grasslands after goose breeding. – Folia Geobot. 44: 31–46.  
TÖRÖK, P., VALKÓ, O., DEÁK, B., KELEMEN, A., TÓTH, E. & TÓTHMÉRÉSZ, B. (2016b): Managing for 
composition or species diversity? – Pastoral and year-round grazing systems in alkali grasslands. – 
Agric. Ecosys. Environ. 234: 23–30. 
TÖRÖK, P., VALKÓ, O., DEÁK, B., KELEMEN, A. & TÓTHMÉRÉSZ, B. (2014): Traditional cattle grazing 
in a mosaic alkali landscape: Effects on grassland biodiversity along a moisture gradient. – PLoS 
ONE 9: e97095. 
TÓTH, E., DEÁK, B., VALKÓ, O., KELEMEN, A., MIGLÉCZ, T., TÓTHMÉRÉSZ, B. & TÖRÖK, P. (2016): 
Livestock type is more crucial than grazing intensity: traditional cattle and sheep grazing in short-
grass steppes. – L. Degrad. Dev. doi: 10.1002/ldr.2514. 
TÓTH, K. & HÜSE, B. (2014): Soil seed banks in loess grasslands and their role in grassland recovery. 
Appl. Ecol. Environ. Res. 12: 537–547. 
TSCHARNTKE, T., TYLIANAKIS, J.M., RAND, T.A. et al. (2012): Landscape moderation of biodiversity 
patterns and processes - Eight hypotheses. – Biol. Rev. 87: 661–685. 
VALKÓ, O., DEÁK, B., MAGURA, T. et al. (2016a): Supporting biodiversity by prescribed burning in 
grasslands – A multi-taxa approach. – Sci. Total Environ. 572: 1377–1384.  
246 
 
VALKÓ, O., DEÁK, B., TÖRÖK, P. et al. (2016b): High-diversity sowing in establishment windows: 
a promising new tool for enhancing grassland biodiversity. – Tuexenia 36: 359–378. 
VALKÓ, O., TÖRÖK, P., MATUS, G. & TÓTHMÉRÉSZ, B. (2012): Is regular mowing the most appropriate 
and cost-effective management maintaining diversity and biomass of target forbs in mountain hay 
meadows? – Flora 207: 303–309. 
